A mong patients with diabetes mellitus, elevated blood pressure (BP) is one of the major modifiable risk factors for macrovascular diseases such as coronary heart disease and stroke, and is also associated with progression of microvascular complications such as nephropathy and retinopathy. 1 As a result, the current guidelines for the management of BP in patients with diabetes mellitus recommend diagnostic and therapeutic approaches based on a usual BP value (defined as mean of BP over a period of time), and other cardiovascular risk factors and target organ damage, as well.
variability in systolic blood pressure (SBP) and maximum SBP were significantly associated with future risks of stroke and other cardiovascular events independent of mean BP and other cardiovascular risk factors. 5 It was suggested that, although long-term mean BP is important in the long-term development of vascular disease, episodic peaks in BP (associated with increased variability and high maximum) might be important in the short-term triggering of vascular events. 6 Increased variability of BP may be partially explained by arterial stiffness 7 and abnormal autonomic function, 8 both of which are common complications of diabetes mellitus and have been associated with cardiovascular events. 9, 10 However, there has been little evidence of the effects of visit-to-visit BP variability and maximum SBP on the risks of macrovascular and microvascular complications in patients with type 2 diabetes mellitus.
The aim of the present study was to assess the effects of visit-to-visit SBP variability and maximum SBP on the risks of macrovascular and microvascular outcomes by using the data from the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial.
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Methods
Study Design
ADVANCE was a factorial randomized controlled trial of BP lowering and intensive blood glucose control in patients with type 2 diabetes mellitus. The detailed design has been described previously. [11] [12] [13] In brief, a total of 11 140 patients with type 2 diabetes mellitus aged ≥55 years who had a history of major macrovascular or microvascular disease, or at least 1 other risk factor for vascular disease, were recruited from 215 collaborating centers in 20 countries from Asia, Australasia, Europe, and North America. These patients entered a 6-week prerandomization run-in period during which they received a fixed combination of angiotensin-converting enzyme inhibitor, perindopril (2 mg), and thiazide diuretic, indapamide (0.625 mg). After the run-in period, participants were randomly assigned, in a factorial design, to a fixed combination of perindopril and indapamide (2 mg/0.625 mg for the first 3 months and 4 mg/1.25 mg thereafter) or matching placebo, and to either an intensive glucose control strategy (target hemoglobin A1c of ≤6.5%) or a standard glucose control strategy based on local guidelines. The use of concomitant treatments, including BP-lowering therapy, remained at the discretion of the responsible physician with 2 exceptions: the use of thiazide diuretics was not allowed, and open-label perindopril (maximum 4 mg/d) was the only angiotensin-converting enzyme inhibitor allowed. For the present analysis, 8811 patients who had not experienced major macrovascular or microvascular events or death during the first 24 months and had BP measurements at all of 6 occasions (3, 4, 6, 12, 18 , and 24 months after randomization) were studied ( Figure 1) .
Approval for the trial was obtained from each center's institutional review board, and all participants provided written informed consent.
BP Measurements and Visit-to-Visit Variability
BP was measured in duplicate, with an interval of at least 1 minute, after 5 minutes of rest in the seated position, by using a standardized automated sphygmomanometer (Omron HEM-705CP, Tokyo, Japan). BP recordings were made at registration, at randomization, at 3, 4, and 6 months after randomization, and at every 6 months thereafter; the mean of the 2 measurements was used as the BP value at each visit. To minimize any misclassification of BP variability due to randomized BP-lowering treatment, BP values from 3 to 24 months were used for the estimation of the mean SBP, visitto-visit variability of SBP, and maximum SBP ( Figure 1 ). Mean SBP was defined as an average of SBP values measured on the 6 occasions. Visit-to-visit variability in SBP was defined by using standard deviation (SD) and coefficient of variation (CV, defined as SD/mean). Maximum SBP was defined as a highest SBP value among the 6 occasions.
Follow-Up and Study Outcomes
Participants were followed up from the 24-month visit to the end of the study (Figure 1 ). Primary outcomes were major macrovascular and microvascular events (both considered jointly and separately). Major macrovascular events were defined as myocardial infarction (both nonfatal and fatal), stroke (both nonfatal and fatal), or cardiovascular death. Major microvascular events were defined as new or worsening nephropathy (development of macroalbuminuria, doubling of the serum creatinine to a level of at least 200 μmol/L, need for renal replacement therapy, or death due to renal disease) or retinopathy (development of proliferative retinopathy, macular edema, diabetes mellitus-related blindness, or retinal photocoagulation therapy). Secondary outcomes in the present study were all-cause mortality and components of primary outcomes (myocardial infarction, stroke, cardiovascular death, new or worsening nephropathy, and new or worsening retinopathy). For patients with multiple events, the first applicable event was used in each analysis. An independent end point advisory committee adjudicated all of these outcomes. 
Statistical Analyses
Associations between baseline characteristics at registration and SD SBP or maximum SBP during the measurement period were evaluated by using univariate and multivariate linear regression analysis. The effects of SBP parameters (ie, mean, SD, CV, and maximum SBP) on study outcomes were estimated by using a Cox proportional hazards model with adjustment for age, sex, randomized BP-lowering intervention, and randomized glucose control intervention (model 1), or with additional adjustment for region of residence, duration of diabetes mellitus, current smoking, current alcohol drinking, heart rate, total cholesterol, triglycerides (log-transformed), body mass index, use of β-blockers, and use of calcium-channel blockers (model 2), or with additional adjustment for mean SBP during the measurement period (model 3). Each of SD and maximum SBP was categorized into 10 groups according to the tenths within each BP-lowering treatment group (the placebo and the active). Mean, SD, CV, and maximum SBP were also analyzed as continuous variables with hazard ratios (HRs) and 95% confidence intervals (CIs) shown per increase of 1 SD for each parameter. In addition, we performed 8 sets of sensitivity analyses: (1) Patients who discontinued the randomized BP-lowering treatment before the 24-month visit were excluded (n=8230). (2) Patients with a history of macrovascular or microvascular disease at registration were excluded (n=5519). (3) SBP parameters were determined at 4 occasions from 6 to 24 months after randomization (n=9128). (4) SBP parameters were determined at 5 occasions from 3 to 18 months (n=9276). (5) SBP parameters were determined at 7 occasions from 3 to 30 months (n=8364). (6) A study cohort included patients who had SBP measurements at ≥2 of 6 occasions from 3 to 24 months (n=9966). (7) A study cohort was the same as the original one (n=8811), but the groups of SD and maximum SBP were determined on the basis of the tenths within all patients, pooling those on active treatment and placebo. (8) A study cohort was the same (n=8811), but SD and maximum SBP were categorized into 5 groups according to the fifths. We also performed a subgroup analysis for patients with and without changes in BP-lowering medication regimen during the BP measurement period (n=4448 and 4363, respectively). All statistical analyses were performed with the use of SAS version 9.3 (SAS Institute). A 2-sided P<0.05 was considered to be statistically significant.
Results
The characteristics of the patients included and excluded for the present study are summarized in Table 1 . Among the 8811 patients studied, the mean age was 66 years, 42% were female, and 37% were registered in Asia. Average BP at registration was 145/81 mm Hg and 69% had a history of hypertension. As shown in multivariate analysis in Tables I and II (in the onlineonly Data Supplement) , age, currently treated hypertension, a history of microvascular disease, SBP at registration, and hemoglobin A1c at registration were positively associated with SD and maximum SBP during the measurement period. Female sex and a history of macrovascular disease were positively associated and baseline heart rate was inversely associated with SD SBP. Both BP-lowering and blood glucose control interventions reduced SD and maximum SBP. Among the SBP parameters, maximum SBP was strongly correlated with mean SBP (Pearson correlation coefficient, r=0.91), and CV SBP was strongly correlated with SD SBP (r=0.96) ( Table III in During median follow-up of 2.4 years from the 24-month visit after randomization, 407 major macrovascular and 476 microvascular events were observed. The risks of primary outcomes (major macrovascular and microvascular events) and all-cause mortality according to participant groups defined by the tenths of SD and maximum SBP are shown in Figure 2 . The risks of major macrovascular and microvascular events and all-cause mortality rose progressively with higher SD levels of SBP, even after adjustments for mean SBP and other cardiovascular risk factors (all P<0.05 for trend). Multivariable-adjusted HRs (95% CIs) in the highest SD group in comparison with the lowest group were 1.69 (1.24-2.31) for combined macro-and microvascular events, 1.54 (0.99-2.39) for major macrovascular events, 1.84 (1.19-2.84) for major microvascular events, and 2.08 (1.30-3.31) for all-cause mortality. Higher levels of maximum SBP were significantly associated with the risks of the combined primary outcomes, major macrovascular events and all-cause mortality (all P for trend <0.05). A similar but statistically nonsignificant association was observed between maximum SBP and major microvascular events (P=0.08 for trend). Multivariable-adjusted HRs (95% CIs) in the highest maximum SBP group were 2.68 (1.57-4.59) for the combined primary outcomes, 3.64 (1.73-7.66) for macrovascular events, 2.18 (1.04-4.58) for microvascular events, and 2.44 (1.14-5.23) for all-cause mortality.
In addition, we performed 8 sets of sensitivity analyses for Figure 2 (Figures II to IX in the online-only Data Supplement) and confirmed that the main results were essentially similar to the original analysis, although some probability values did not reach a level of significance. During the 24-month measurement period, the BP-lowering treatment regimen was changed for 4448 patients (50%). However, the effects of SD and maximum SBP on the risk of combined macro-and microvascular events were similar between the subgroups of patients with and without changes in BP-lowering medication (Figure X in the online-only Data Supplement).
The risks for the components of the major macrovascular and microvascular outcomes are shown in Figures 3  and 4 , respectively. Of note, each higher SD level of SBP was significantly associated with higher risks of myocardial infarction, cardiovascular death, and new or worsening nephropathy (all P<0.05 for trend). A similar pattern was observed for the outcome new or worsening retinopathy, although the association did not reach statistical significance (P=0.06 for trend). In contrast, SD levels of SBP did not show any clear associations with stroke. A higher maximum SBP was significantly associated with an elevated risk of myocardial infarction (P=0.04 for trend). Similar but nonsignificant trends were observed for cardiovascular death and new or worsening retinopathy (both P<0.1 for trend). (17) 1520 (17) 424 (18) Values are mean (SD) for continuous variables (except for triglycerides), median (interquartile range) for triglycerides, and number (%) for categorical variables. BP indicates blood pressure; CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure; and SD, standard deviation. *P<0.05 vs analyzed patients. †History of myocardial infarction or stroke. ‡Macroalbuminuria at baseline or a history of microvascular eye disease (proliferative retinopathy, macular edema, diabetes mellitus-related blindness, or retinal photocoagulation therapy).
§Defined using SBP values at 3, 4, 6, 12, 18, and 24 months after randomization. ║When data at the 24-month visit were missing, the latest data before the 24-month visit were applied. ¶Randomized BP-lowering treatment with perindopril-indapamide was not included. positively associated with the risks of major macrovascular and microvascular events (P<0.001 for all). These associations remained significant even after adjustments for other confounding factors and mean SBP (models 2 and 3), with the exception of maximum SBP, which failed to reach statistical significance for the outcome microvascular events in model 3. SD and maximum SBP were positively associated with all-cause mortality (both P<0.001 in all models), whereas mean SBP did not show a clear association with all-cause mortality. When major macrovascular events were divided into their components, greater SD and maximum SBP were significantly associated with elevated risks of myocardial infarction and cardiovascular death in all models. However, no significant associations were observed for stroke in model 3. With regard to the components of major microvascular events, the associations of SD and maximum SBP with nephropathy and retinopathy did not reach a level of significance in model 3. These associations were essentially unchanged when we determined visit-to-visit SBP variability using CV instead of SD.
Discussion
The present large-scale observational analysis of 8811 patients with type 2 diabetes mellitus from the ADVANCE trial has demonstrated that the levels of visit-to-visit SBP variability defined by using SD and CV are positively associated with the risks of major macrovascular events, microvascular events, and death. These associations persisted after the adjustment for mean SBP, other cardiovascular risk factors, and randomized treatments. Similar associations were also observed for maximum SBP. Previous studies using the data from ambulatory BP monitoring reported that short-term or circadian variability of BP was an important prognostic factor of cardiovascular outcomes. [14] [15] [16] [17] Similarly, a number of observational studies have investigated the impact of long-term or visit-to-visit BP variability on the risks of cardiovascular outcomes. 5, [18] [19] [20] [21] Rothwell and colleagues 5 recently reported that visit-to-visit SBP variability was a strong predictor of cardiovascular disease among patients with transient ischemic attack or stroke and among hypertensive patients in the ASCOT-BPLA trial. The Ohasama Study also reported that day-by-day SBP variability was associated with cardiovascular and all-cause death in a general population from Japan. 18 However, there has been little investigation of the effects of BP variability on cardiovascular events among patients with type 2 diabetes mellitus. 19 The analyses reported here expand the findings of previous studies and suggest that the association of visit-to-visit SBP variability with cardiovascular events is also observed in patients with type 2 diabetes mellitus.
Hazard ratio (95% CI)
Major microvascular events
P for trend <0.001 Figure 2. Hazard ratios and 95% confidence intervals (CIs) for major macrovascular and microvascular events and death according to tenths of standard deviation (SD) or maximum (Max) of systolic blood pressure (SBP). SBP values measured at 6 occasions (from 3-24 months after randomization) were used to determine SD and maximum SBP. Each parameter was categorized into 10 groups according to the tenths within each BP-lowering treatment group. The ranges of SD SBP were 0.6 to 5. In the present analysis of the ADVANCE trial, visitto-visit SBP variability was clearly associated with myocardial infarction and cardiovascular death, but not with stroke. In contrast, Rothwell and colleagues 5 reported that visit-to-visit SBP variability was predictive of both stroke and coronary heart disease in patients with previous transient ischemic attack or stroke and in ASCOT-BPLA. The Ohasama Study showed that day-by-day SBP variability was associated with stroke mortality but not with cardiac mortality in a general Japanese population. 18 In a hospitalbased case-control study of Japanese patients, the variability of office SBP was higher in patients with stroke than in controls, 20 but not in patients with myocardial infarction. 21 The reasons for the differences among ADVANCE and previous studies are not clear but may be associated with underlying differences in the study populations, in the definitions of BP variability, in the length of follow-up, and in the covariates included in the multivariable analyses, or the differences may be due to chance associations. The impact of BP variability on stroke may be stronger in Asian populations or nondiabetic populations than in non-Asian or diabetic populations. In addition, the Ohasama Study 18 was based on home BP in which white coat effect was absent, but other studies, including ADVANCE, used BP measured mainly at the clinic or hospital.
Major macrovascular events
Another new and important finding of the present analysis was that visit-to-visit variability of SBP clearly predicted the future development of major microvascular complications among patients with type 2 diabetes mellitus. Although there has been limited evidence of the association of BP variability with the microvascular complications of diabetes mellitus, a cross-sectional study of 422 Japanese patients with type 2 diabetes mellitus has shown a close association between SBP variability and the prevalence of albuminuria. 22 The Diabetes Control and Complications Trial also reported that SD in SBP and diastolic blood pressure were predictive of future development of nephropathy among patients with type 1 diabetes mellitus. 23 These findings support the hypothesis that BP variability is an important predictor of microvascular complications among patients with type 2 diabetes mellitus.
Cardiovascular death Stroke
P for trend = 0.58 The impact of SBP variability on combined major macrovascular and microvascular events seemed to be weaker than that of mean SBP (Table 2 ). However, it does not mean that SBP variability is less important. Because the effects of SBP variability were independent of mean SBP, higher variability may be an important factor for the prediction of future vascular events and a potential therapeutic target, even in patients without hypertension. In addition, Rothwell and colleagues 5 observed positive associations of maximum SBP with risks of cardiovascular events. In the present study, we confirmed similar findings in patients with type 2 diabetes mellitus. The impacts of maximum SBP were strong and independent of a wide set of potential confounding variables. They also appeared to be independent of mean SBP, although the strong correlation between mean and maximum SBP (r=0.91, Table III in the online-only Data Supplement), and the relatively wide CIs for the HRs comparing the extreme tenths of maximum SBP in Figures 2 to 4 , suggests that caution should be applied to our estimates and 95% CIs of effects of maximum SBP adjusted for mean SBP.
Myocardial infarction
There are several possible mechanisms to explain the link between visit-to-visit BP variability or maximum SBP and macrovascular and microvascular events. First, BP variability may be a marker of arterial stiffness and thus associated with vascular outcomes. The elevation in variability of BP has been associated with reduced compliance of large elastic arteries, 7 which is an intermediate stage of vascular disease and a strong predictor of the future vascular events. 9 Second, instability of BP may reflect abnormal autonomic function. 8 Increased sympathetic activity may directly promote the development of arterial and organ damage 8 and increase the risk of vascular events. 10 However, in the present study, the effects of variability and maximum of SBP remained significant even after the adjustment for heart rate, a marker of autonomic function. Third, animal studies have suggested that elevated BP variability causes direct endothelial damage, renin-angiotensin system activation, inflammation and cardiomyocyte apoptosis augmentation, and thus cardiovascular remodeling and end-organ damage. 24 It is reasonably considered that maximum SBP is also a marker of arterial stiffness or abnormal autonomic function, or a direct cause of vascular dysfunction. Fourth, poor adherence with BP-lowering medications and inadequate BP control might have played a role in the link between increased BP variability or maximum SBP and poor clinical outcomes, although risk estimates were essentially unchanged even in the sensitivity analysis that excluded patients who discontinued BP-lowering intervention during the measurement period ( Figure II in the online-only Data Supplement). In the previous analysis of the ASCOT-BPLA trial, risk associations were actually strengthened after the exclusion of poorly compliant patients. 5 Fifth, changes in BP-lowering treatment regimen during the measurement period might affect the association between variability and outcomes. In the ADVANCE protocol, the dose of active perindopril/indapamide was doubled at the 3-month visit, and the use of other BP-lowering drugs was at the discretion of the physician. However, the sensitivity analysis that excluded BP measurements at 3-and 4-month visits ( Figure IV in the online-only Data Supplement) was similar to the original analyses, and the impacts of variability were comparable between the subgroups of patients with and *Model 1 was adjusted for age, sex, randomized blood pressure-lowering intervention, and randomized glucose control intervention. †Model 2 was adjusted for age, sex, randomized blood pressure-lowering intervention, randomized glucose control intervention, region of residence, duration of diabetes mellitus, current smoking, current alcohol drinking, heart rate, total cholesterol, log of triglycerides, body mass index, use of β-blockers, and use of calciumchannel blockers. . Therefore, we consider that SBP variability predicted an increased risk of vascular events independent of the changes in treatment, even though the patients with higher variability were treated more intensively than average. The method to calculate visit-to-visit variability may be debatable. SBP was measured twice at each occasion, and the mean value was used in the present study. In the ASCOT-BPLA trial, 5 analyses based on the mean of 3 measurements and the mean of 2 (the second and the third) measurements revealed no material difference. Accordingly, we believe that our data based on 2 measurements is satisfactory. Next, the calculation of SBP variability was based on 6 visits and their intervals were not equal (ie, 3, 4, 6, 12, 18, and 24 months).The sensitivity analyses using BP values from equally spaced visits (ie, 6, 12, 18, and 24 months; Figure There are substantial gaps in our understanding of the best ways to apply this knowledge to the practical management of BP in patients with type 2 diabetes mellitus, and more work is needed to determine the best and simplest way to evaluate visit-to-visit BP variability in routine clinical practice. In addition, it remains uncertain how best to treat patients with type 2 diabetes mellitus who have high BP variability or maximum SBP. Recent analyses of individual patient data from 2 trials 25 and a systematic review 26 suggested that calcium-channel blockers and nonloop diuretic drugs were particularly effective for reducing BP variability, but no studies have reported on optimal therapeutic ranges of BP variability. Although this is the first and the largest prospective study to have demonstrated the clear effects of visit-to-visit SBP variability and maximum SBP on macrovascular and microvascular complications in type 2 diabetes mellitus, the study still had relatively limited power to show corresponding definitive evidence about the effects of SBP variability on each component of the microvascular outcome (nephropathy and retinopathy). However, the HRs of SD and CV of SBP for nephropathy and for retinopathy were similar to those for composite microvascular events ( Table 2 ). The adjustment for covariates in multivariable analysis might be substantively incomplete, and the degree of independence of SBP variability or maximum SBP might be overestimated as a consequence. Moreover, the present evaluation was performed in the context of a clinical trial and may not be generalizable to an unselected population with type 2 diabetes mellitus. Nevertheless, the exclusion of subjects with macrovascular or microvascular disease before the registration or within the first 24 months from the present analyses makes the findings more representative of a general population with type 2 diabetes mellitus (Table III in the online-only Data Supplement).
In conclusion, visit-to-visit variability in SBP and maximum SBP were predictive of macrovascular complications and of mortality in a population with type 2 diabetes mellitus from 20 countries worldwide. In addition we report that this variability is predictive of microvascular events. The prognostic values of BP variability and maximum SBP were independent of mean BP and of the other major cardiovascular risk factors.
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CLINICAL PERSPECTIVE
Elevated blood pressure (BP) is a modifiable risk factor for macrovascular diseases such as coronary heart disease and stroke, and microvascular complications of diabetes mellitus such as nephropathy and retinopathy. In the present analyses, we proved that visit-to-visit variability of systolic blood pressure (SBP), defined as the standard deviation or coefficient of variation during 24 months, was a significant risk factor for major macrovascular and microvascular complications of diabetes mellitus, and for all-cause mortality, as well, by using data from a large-scale randomized controlled trial of patients with type 2 diabetes mellitus, Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE). These associations were independent of usual BP, defined as the mean SBP during the same period, and other cardiovascular risk factors and BP-lowering treatment. Similar associations were found for maximum SBP during the same period. Our findings suggest that the higher variability or maximum of SBP may be an important factor for the prediction of future vascular events and a potential therapeutic target, even in patients without hypertension. However, there are substantial gaps in our understanding of the best ways to apply this knowledge to the practical management of BP in patients with type 2 diabetes mellitus, and it remains uncertain how best to treat patients with type 2 diabetes mellitus who have high BP variability or maximum SBP. More work is needed to determine how to evaluate and treat the instability of BP in routine clinical practice. Randomized BP lowering treatment (perindopril/indapamide or placebo) was not included in the number of drugs.
SUPPLEMENTAL MATERIALS
P for trend <0.001 for both the placebo and active groups, for both SD and maximum SBP.
Figure II. Sensitivity analysis (1)
The measurement period for SD and maximum SBP (6 occasions from 3 to 24 months after randomization), and the follow-up period (median 2.4 years) were the same as in the original analysis in Figure 2 , but 581 patients who discontinued perindopril-indapamide/placebo before the 24-month visit were excluded and the remaining 8230 patients were analyzed in this sensitivity analysis.
Definitions of tenths were the same as those in in Figure 2 .
Hazard ratios were adjusted for the same covariates as in Figure 2 .
Figure III. Sensitivity analysis (2)
The measurement period for SD and maximum SBP (6 occasions from 3 to 24 months after randomization), and the follow-up period (median 2.4 years) were the same as in the original analysis in Figure 2 , but 3292 patients with a history of macrovascular or microvascular disease at registration were excluded and the remaining 5519 patients were analyzed in this sensitivity analysis.
Hazard ratios were adjusted for the same covariates as in Figure 2 . Hazard ratios were adjusted for the same covariates as in Figure 2 . Hazard ratios were adjusted for the same covariates as in Figure 2 .
Figure VII. Sensitivity analysis (6)
Systolic blood pressure (SBP) values measured at 6 occasions (3, 4, 6, 12, 18 and 24 months after randomization) were used to determine standard deviation (SD) and maximum SBP. For this sensitivity analysis, 9966 patients who had not experienced major macrovascular or microvascular events or death within 24 months and had BP measurements at ≥2 of 6 occasions were included. Median follow-up was 2.4 years from the 24-month visit after randomization.
Each parameter was categorized into 10 groups according to the tenths within each BP lowering treatment group. The ranges of SD SBP were 0-5. 
Figure VIII. Sensitivity analysis (7)
The measurement period for SD and maximum SBP (6 occasions from 3 to 24 months after randomization), and the follow-up period (median 2.4 years) were the same as in the original analysis in Figure 2 (n=8811). Hazard ratios were adjusted for the same covariates as in Figure 2 .
Figure IX. Sensitivity analysis (8)
The measurement period for SD and maximum SBP (6 occasions from 3 to 24 months after randomization), and the follow-up period (median 2.4 years) were the same as in the original analysis in Figure 2 (n=8811).
Each parameter was categorized into 5 groups according to the fifths within each BP lowering treatment group. The ranges of SD SBP were 0.6-6.8, 6.9-9.3, 9.4-11.7, 11.8-15. Hazard ratios were adjusted for the same covariates as in Figure 2 . The measurement period for SD and maximum SBP (6 occasions from 3 to 24 months after randomization), definitions of tenths, and the follow-up period (median 2.4 years) were the same as in the original analysis in Figure 2 . Among the eligible 8811 patients, BP lowering treatment regimen were changed for 4448 patients (i.e. discontinuation of randomized BP lowering treatment, or any changes in additional open-label BP lowering drugs) and not changed for 4363 patients, during the first 24-month period.
